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Abstract: Logic programming has traditionally lacked devices for expressing 
mutually exclusive goals and queries. We address this limitation by adopting 
choice-disjunctive goal formulas of the form Gi © G 2 where Gi, G 2 are goals 
and © is a linear logic connective. These goals has the following operational 
semantics: choose and solve a true disjunct Gi where i(= 1 or 2) is chosen 
by the machine. It is worth noting that our operational semantics obtains 
mutual exclusion by choosing one between two disjuncts. Thus, our opera- 
tional semantics of © corresponds well to its declarative semantics known as 
the machine's choice. 

keywords: game semantics, mutually exclusive goals, cut, linear logic, 
computability logic. 

1 Introduction 

Mutually exclusive queries can be widely used in computer science including 
database, internet search and knowledgebase systems. In particular, logic 
programming has traditionally lacked mechanisms that permit some goals to 
be mutually exclusive. This deficiency is an outcome of using a weak logic - 
classical or intuitionistic logic - as the basis for logic programming. Lacking 
such mechanisms for expressing mutually exclusive goals, logic programming 
programs tend to create futile backtracking points that lead to nowhere. To 
overcome this inefficiency, logic programming programmers have been rely- 
ing heavily on nonlogical methods such as the cut or if -then-else pQ to 
perform mutually exclusive tasks. This is unsatisfactory in several aspects: 
the declarative meaning of the resulting program becomes awkward and rea- 
soning about the program becomes difficult. 

Our approach in this paper is logical: it involves the direct employment 
of © of linear logic [3] to allow for mutually exclusive goals. A mutually 
exclusive goal - also called a choice-disjunctive goal - is of the form G\ © G 2 
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where Gi,G 2 are goals. Executing this goal has the following operational 
semantics which is based on game semantics [5]: select and solve a true 
disjunct Gi where i(= 1 or 2) is chosen by the machine. 

An illustration of this approach is provided by the following definition of 
the relation son(X, Y) which holds if Y is a son of X.: 

son(X, Y) : - (male(X) A f other {Y, X)) © 
(female(X) A mother (Y, X)). 

The body of the definition above contains a mutually exclusive goal, denoted 
by ©. As a particular example, solving the query son(tom, Y) would result in 
selecting and executing the first disjunct male(tom) A father(Y,tom). The 
given goal will succeed, producing solutions for Y. Note that the second dis- 
junct - female(X)Amother(Y, X) - will be discarded in the course of solving 
the query in our semantics, whereas the second disjunct will remain active in 
most logic programming languages (through the creation of a choicepoint). 

Of course, we can specify mutually exclusive goals using cut in logic pro- 
gramming, but it is well-known that cuts affect the declarative meaning of 
the program [2J. 

As seen from the example above, choice-disjunctive goals can be used 
to perform mutually exclusive tasks. There are some linear logic languages 
[U [10], in particular Lolli [I], in which goals of the form G\ © G 2 are present. 
These logic programming languages are based on a well-known notion of 
uniform provability jU Our semantics can be obtained from theirs by 
adding the choice action to ©. As a result, it prunes useless disjuncts of 
©-goals, while maintaining provability. 

This paper proposes Prolog®, an extension of logic programming with 
choice-disjunctive operators in goal formulas. We present the syntax and 
semantics of this extended language, show some examples of its use. The 
remainder of this paper is structured as follows. We describe Prolog® in the 
next section. In Sectional we present some examples of Prolog®. Section H] 
concludes the paper. 

2 The Prolog® Language 

The language is a version of Horn clauses with choice-disjunctive goals. It is 
described by G- and Z)-formulas given by the syntax rules below: 
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G ::= 



D ::= A \ G D A | Vx D 

In the rules above, t, s represent terms and A represents an atomic formula. 
A D-formula is called a Horn clause with choice-disjunctive goals. 

In the transition system to be considered, G-formulas will function as 
queries and a set of Z)-formulas will constitute a program. 

We will present an operational semantics for this language. These rules 
in fact depend on the top-level constructor in the expression, a property 
known as uniform provability [7J [H H] or focused proof. Uniform provability 
allows us to execute logic programs efficiently Below the notation D; V 
denotes {D} U V but with the D formula being distinguished (marked for 
backchaining) . Note that execution alternates between two phases: the goal- 
reduction phase (one without a distinguished clause) and the backchaining 
phase (one with a distinguished clause). 

Definition 1. Let G be a goal and let V be a program. Then the notion of 
executing (V, G) - pv(V, G) - is defined as follows: 

(1) pv(A;V, A). % This is a success. 

(2) pv((G 1 DA);V,A)iipv(V,G 1 ). 

(3) pv(yxD; V, A) if pv{[t/x)D; V, A). 

(4) pv(V, A) if D eV and pv(D; V, A). 

(5) pv(V, t = s) if unify(t, s) % t,s are terms. 

(6) pv(V, G 1 A G 2 ) if pv(V, Gi) and pv{V, G 2 ). 

(7) pv(V, 3xG x ) if pv(V, [t/x\G 1 ). 

(8) pv(V,Gi © G 2 ) if select a successful disjunct between pv(V,Gi) and 
pv(V,G2). % This goal captures mutually exclusive goals. 

In the above rules, the symbol G\ © G 2 allows for the mutually exclusive 
execution of goals. This goal can be implemented as follows: The machine 
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first attempts to solve G\. If it succeeds, then do nothing (and do not leave 
any choice point for G 2 )■ If it fails, then G2 is attempted. 

The following theorem connects our language to linear logic. Its proof is 
easily obtained from the following two observations: 

(1) Lolli is sound and complete with respect to intuitionistic linear logic 

0], and 

(2) The new semantics of ©, which is obtained by adding the choice action 
to its old semantics of Lolli, does not affect the provability. 

Theorem 1 Let V be a program and let G be a goal. Then, pv(V, G) termi- 
nates with a success if and only if G follows from V in intuitionistic linear 
logic. 

3 Examples 

Let us first consider the relation f(X, Y) specified by two rules: 

(1) if X < 2, then Y = 0. 

(2) if X > 2, then Y = 3. 

The two conditions are mutually exclusive which is expressed by using 
the cut in traditional logic programming as shown below: 

f(X,0) :-X<2,\. 
f(X,3):-X>2. 

Using cut, we can specify mutually exclusive goals, but cuts affect the declar- 
ative meaning of the program. Our language makes it possible to formulate 
mutually exclusive goals through the choice-disjunctive goals as shown below: 

f(X,Y):- {X >2AY = 3) ® 

{X < 2 A Y = 0) 
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The new program, equipped with ©-goals, is more readable than the original 
version with cuts, while preserving the same efficiency. A similar example 
is provided by the following "max" program that finds the larger of two 
numbers. 

max(X, Y, Max) : - (X > Y A Max = X) © 

(X < Y A Max = Y) 

These two goals in the body of the above clause are mutually exclusive. 
Hence, only one of these two goals can succeed. For example, consider a goal 
max(3, 9, Max). Solving this goal has the effect of choosing and solving the 
second goal (3 < 9) A Max = 9, producing the result Max = 9. 

As another example, we consider the relation member(X, L) for estab- 
lishing whether X is in the list L. A typical logic programming definition of 
member (X, L) is shown below: 

member(X, [Y\L]) : - (Y — X) V member(X, L) 

This definition is nondeterministic in the sense that it can find any occurrence 
of X. Our language makes it possible to change member to be deterministic: 
only one occurrence can be found. An example of this is provided by the 
following program. 

member (X, [Y\L]) : — (Y = X) © member (X, L) 

Our approach can be beneficial to most logic programming deterministic 
definitions as well. For example, the following definition of list explicitly tells 
the machine not to create a backtracking point. 

list(L) : - (L — nil) © (list(Ll) A L = [X\L1]) 

A point to note is that the presence of ©-goals needs to generalize the 
notion of answer substitutions. For instance, consider a query man(alice) © 
woman(alice) from the program woman(alice) . This query is about the 
machine telling whether alice is a man or a woman. In this setting, the 
machine's choice - woman(alice) - must be communicated to the user as an 
answer substitution. 
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4 Conclusion 



In this paper, we have considered an extension to logic programming with 
mutually exclusive goals. This extension allows goals of the form G\ © G2 
where G\, G2 are goals. These goals are particularly useful for replacing the 
cut in logic programming, making logic programming more concise and more 
readable. 

Higher-order logic programming is an extension we will consider in the 
near future. Our focus is on AProlog, a logic programming language sup- 
porting higher-order predicates j8]. We plan to add choice-conjunctive goals 
to this language for better performance. We are also investigating the con- 
nection between Prolog®and Japaridze's computability logic [51 E]- 
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